Fournier gangrene (FG) is a genitourinary necrotizing fasciitis that can be lethal if not promptly diagnosed and surgically debrided. The diagnosis is often made by physical examination paired with an appropriate clinical suspicion and supporting laboratory values. Imaging, particularly computed tomography (CT), plays a role in delineating involved fascial planes for operative debridement and occasionally in diagnosing FG. Less commonly, the imaging manifestations of FG may also be seen on ultrasound, radiographs, and magnetic resonance imaging. With the ubiquitous use and availability of CT, radiologists have a growing role in recognizing FG. This can be challenging in the absence of fascial gas, but a CT scoring system for necrotizing fasciitis can be helpful in making the diagnosis. Recent series suggest that this predominantly male disease has a rising incidence in women. Women with FG are more likely to be morbidly obese and have vulvar or labial involvement compared to men. Imaging mimics include ulcerative and necrotic tumors, traumatic or iatrogenic fascial gas, and vaginitis emphysematosa. The purpose of this pictorial review is to illustrate the imaging manifestations of FG and its mimics, with emphases on necrotizing fasciitis CT scoring systems and FG in women.
Introduction
Fournier gangrene (FG) is a genitourinary necrotizing fasciitis that can be lethal if not promptly diagnosed and surgically debrided. Although the diagnosis is often be made by physical examination and clinical presentation, imaging has a growing role in diagnosing and determining the extent of FG. Computed tomography (CT) is the most common modality used to evaluate FG. On imaging, the hallmark of FG and necrotizing fasciitis is soft tissue or fascial gas with or without surrounding soft-tissue inflammatory change (eg, stranding, fluid tracking, and other surrogates of inflammatory change) with the appropriate clinical suspicion for a septic process. Although the absence of soft-tissue gas does not exclude FG, it is much more likely to manifest with air compared with necrotizing fasciitis at other anatomic sites (predominantly in the extremities). [1] [2] [3] As this diagnosis can be challenging in the absence of soft-tissue gas, a CT scoring system for necrotizing fasciitis has been developed. 1, 3 The purpose of this pictorial review is to illustrate the imaging manifestations of FG and its mimics, with emphases on necrotizing fasciitis CT scoring systems and FG in women.
Definition and Patient Characteristics
The most commonly cited and accepted definition of FG is a necrotizing fasciitis of the perineal, genital, and/or perianal regions, which will serve as the definition for this review. Manifestations in these 3 anatomic areas are demonstrated in Figure 1 . This was proposed by Smith et al 4 and reiterated by the most cited FG study in the literature (according to Google Scholar), by Eke. 5 Although the infectious sources are often idiopathic, common identifiable sources of infection include the skin (eg, necrotic ulcers), urinary tract (eg, fulminant urinary tract infection with urethral stricture), and gastrointestinal sites (eg, perforated colorectal cancer or diverticulitis). 5 On imaging of FG, bilateral distribution occurs in about 60% and involvement of >2 fascial compartments occurs in approximately 70%. 1 Organized abscesses occur in about 20% to 50% of patients. 1, 2 Although FG is historically a heavily male predominant disease, with women accounting for 4% to 10% of cases, 5,6 the reported incidence of FG in women is increasing in modern series. In 2 modern series, the proportion of women in retrospective cohorts ranges from 21% to 55% of patients. 1, 7 Although FG is often heavily associated with diabetes mellitus, the proportion of patients with diabetes in the largest review of patients with FG (1726 patients) was 20%. 5 However, the incidence of diabetes in a more modern series where the mean body mass index (BMI) was 42 was 58%. 1 That series also found women to have a significantly higher BMI compared to their male counterparts. 1 The CT case examples of FG in women are shown in Figure 1D -F and Figure 2 (also in 3 of the 5 panels of the subsequently referenced Figure 10 ).
Most men and women with FG will have both genital and perineal involvement. However, women will almost always have vulvar or labial involvement (95%-100%; Figure 2 ), whereas men are more likely to have scrotal involvement (71%-76%) than involvement of the penis (47%-53%). Otherwise, the anatomic distribution between FG in men and women is similar with perineal involvement in 84% to 87% and perianal involvement in 26% to 32%. 1
Relevant Anatomy and Rationale for Imaging
Fascial male anatomy is shown in Figure 3 and the 3 main areas of anatomic involvement in men and women are illustrated in Figure 1 . Although naming specific fascial planes may or may not be helpful for the surgeon's operative planning, radiologists should aim to detail the extent of the fascial air (if present) and soft-tissue inflammation when interpreting FG cases. Identifying extraperitoneal spread along the space of Retzius and intraperitoneal extension is particularly important, as most operations for FG without associated processes (eg, perforated colon cancer) do not require a laparotomy. 1 A case illustrating fascial spread is shown in Figure 4 . Urgent to emergent surgical debridement is required for treatment of FG to adequately excise all the affected tissue. Most patients will require multiple debridements. Systemic antibiotics, resuscitation, and critical care management are also typically employed in the care of patients with FG. 5, 7 Many FG surgical series state that imaging was used selectively, but do not give specific metrics that reflect this. [8] [9] [10] The role of imaging is not well defined in the patients with FG status postdebridement but the general principle is to assess for signs of necrotizing fasciitis beyond the operative bed, not accounted for by the surgical defect. Although CT is the modality of choice for evaluation of FG due to its rapid image acquisition and availability, the role of radiography, ultrasound, and magnetic resonance (MR) are also discussed here.
Conventional Radiography
Pelvic radiographs are generally a poor choice to image clinically suspected FG. A meta-analysis encompassing 23 studies with 5982 patients found radiographs had a sensitivity of 49% for necrotizing fasciitis at any anatomic site compared to a CT sensitivity for necrotizing fasciitis of 93%. 11 In addition, overlapping gas within the hollow viscera of the pelvis may cause a false-positive result. When radiographs are obtained, fascial gas may be apparent in the scrotum ( Figure 5 ), labia, or perineum and may be better demonstrated on lateral or oblique views.
Ultrasound
Ultrasonography (US) is frequently used as the first modality for imaging the penis and scrotum. 12 Ultrasonography can evaluate for subcutaneous emphysema, inflammation, and the presence of a fluid collection especially when CT is not immediately available. Doppler US can evaluate for scrotal and perineal hyperemia. Furthermore, US is useful in cases with an unclear diagnosis and possibility of alternative diagnosis such as an incarcerated inguinoscrotal hernia, testicular torsion, or orchitis. In incarcerated inguinoscrotal hernia, gas is present within the scrotum (like FG); however, it is confined within the bowel lumen. Ultrasonography limitations include its relatively small field of view, operator dependence, and occasional procedure intolerance by patients given need for direct pressure on the perineum during the examination. 12, 13 On US, FG appears as a thickened, edematous scrotal wall and perineum with hyperechoic, hyperreflecting foci representing gas within the wall which demonstrate ring down artifact and ''dirty'' acoustic shadowing ( Figures 5 and 6 ). 14, 15 The testes most often appear normal because of their independent blood supply which is not affected by the compromised facial and cutaneous circulation of the scrotum. 16 Doppler US demonstrates hyperemia and dilated scrotal vessels which are not seen on normal examinations. 17 Two small sonographic cohorts of FG have been reported including a series of 6 patients with US performed by emergency physicians 18 and another with 3 patients. 19 In all 9 of these patients in the 2 small series, all patients had sonographic manifestations of soft-tissue gas. This consistent pattern of sonographic soft-tissue gas in FG US cohorts is in contrast to sonographic cohorts of necrotizing fasciitis in extremities, where soft-tissue is less common. 20 Contrast-enhanced axial CT image demonstrates extensive soft-tissue thickening, inflammatory stranding, and a large volume of gas (dashed arrows) tracking from the left labia majora and extending anteriorly along the mons pubis and posteriorly along the ischiorectal fossa, compatible with Fournier gangrene, which was confirmed at debridement. CT, computed tomography.
Magnetic Resonance Imaging
Magnetic resonance imaging (MRI) can be used to evaluate soft tissue and define the extent of inflammatory or infectious diseases. As MRI has become more readily available, it is increasingly used as a problem-solving resource when US or CT findings are equivocal or suboptimal to make a definitive diagnosis. The large field-of-view and multiplanar capability of MRI allow for better delineation of the extent of disease and in some cases can identify unexpected sources of infection which may aid in planning surgical debridement or percutaneous drainage. Due to the long acquisition time of MRI and potential lack of added value over CT, MRI should not be the primary imaging modality in patients with suspected FG.
However, MRI may occasionally be used in cases with unclear findings or when other differential diagnoses are being considered or FG may be encountered incidentally on MRI. Some have advocated using MRI to assess for residual FG in patients following debridement. 21 Overall, the authors do not recommend use of MRI for clinically suspected FG when CT is readily available. Magnetic resonance imaging of FG in the literature is comprised of only case reports. [21] [22] [23] On MRI, FG appears as extensive perineal inflammation, fascial thickening, and soft-tissue gas with or without fluid collections or fistulas. Soft-tissue gas on MRI appears as regions of signal void and susceptibility artifact. Inflammation is identified by increased T2 signal of the perineal fat on fat-suppressed images. 
Computed Tomography
Computed tomography is the modality of choice for evaluation of FG with high sensitivity, specificity, and delineation of involved fascial planes. Computed tomography can be useful for preoperative planning for determining the extent of fascial involvement and diagnosing unclear cases. Although evaluating the extent of soft-tissue gas on CT does not require intravenous contrast, contrast-enhanced CT may provide additional diagnostic information, particularly when evaluating for abscesses ( Figure 9 ). Intravenous contrast may also provide useful information about the bowel wall when a colorectal source of FG is suspected and help determine the need for laparotomy in addition to softtissue debridement. The most common CT findings are fascial air, muscle or fascial edema, and subcutaneous edema. 1,3 A CT scoring system has been described for necrotizing fasciitis in a cohort of 44 patients 3 and subsequently validated in a retrospective cohort of 38 patients with FG. 1 Fournier gangrene without soft tissue or fascial gas on CT is uncommon but warrants awareness. Prior imaging series of FG have reported an incidence of 5% to 20% of patients with FG without gas on CT 1,2 compared to 56% without gas in any necrotizing fasciitis of any anatomic site. 3 The factors in the A and B) . Although no free fascial air was present, this was concerning for Fournier gangrene, which was confirmed at surgery.
CT scoring system other than fascial gas can help radiologists raise the possibility of FG without gas if there is an appropriate clinical suspicion. Cases of FG without fascial gas are shown in Figures 9 and 10 .
Computed Tomography and Clinical Scoring Systems for Necrotizing Fasciitis
A necrotizing fasciitis CT scoring system was described in a retrospective review of 305 patients with suspected soft-tissue infections at any anatomic site that underwent CT to assess for necrotizing fasciitis. 3 Computed tomography findings significantly associated with necrotizing soft-tissue infections when compared to patients without necrotizing fasciitis included fascial air, muscle/fascial edema, tracking fluid, lymphadenopathy, and subcutaneous edema. Assigning numeric scores to these CT findings, the authors developed a CT scoring system where a cumulative score of 6 was suggestive of necrotizing fasciitis. In a follow-up study 1 with 38 patients with surgically proven FG with preoperative CTs read independently by 2 blinded radiologists, the CT scores for necrotizing fasciitis were above the threshold score for all but 1 patient. 1 The factors in the scoring system are demonstrated in Table 1 and Lymphadenopathy Prominence of regional lymph nodes, asymmetric to the contralateral side when applicable. No specific size threshold was used.
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Subcutaneous edema
Edema underlying an area of thickened skin. Figure 11 . Examples of the 5 factors in the CT scoring system for necrotizing fasciitis as defined in Table 1 examples of each of the 5 factors in patients with FG are shown in Figure 11 . There are 2 clinically utilized scoring systems for the diagnosis of necrotizing fasciitis and assessment of severity in FG. The laboratory risk indicator for necrotizing fasciitis (LRI-NEC) was described in 2004 by Wong et al. 24 Though the specific parameters of the LRINEC scoring system are beyond the scope of this imaging review, the scoring system is derived from 6 hematologic and biochemical serum laboratory values and is used to meet a threshold score that is suggestive of necrotizing fasciitis. The FG scoring system was first described in 1995 by Laor et al 25 and is a modification of the acute physiology and chronic health evaluation II score. In contrast to the diagnostic purpose and scoring threshold of LRINEC, the FG scoring system is used in patients with known FG with higher scores being associated with increased mortality. 25, 26 Mimics Any pathologic process that introduces gas and/or inflammation into fascial planes about the genitals, perineum, or perianal area may simulate necrotizing fasciitis on imaging. Squamous cell carcinoma may progress to an ulcerative wound or arise from a long-standing ulcer. 12 Most prevalent at the penis and labia, ulcerative squamous cell carcinoma of the genitals may simulate or introduce local gas. A case of squamous cell carcinoma mimicking FG on CT is shown in Figure 12 .
Traumatic or iatrogenic gas introduced into the abdomen, pelvis, and proximal lower extremities may track into the genital or surrounding fascial planes. Fascial gas from trauma may originate from large volume pneumomediastinum, a pneumothorax with adjacent rib fracture, penetrating wounds, or a closed degloving injury 27 (Figure 13 ). Iatrogenic gas may be introduced during laparoscopic port insertions or removals or with traumatic insertion of Foley catheters.
Vaginitis emphysematosa is an uncommon accumulation of gas about the vaginal wall mucosa that has a self-limiting course. Although the mechanism and etiology are debated, one of the most accepted theories is infection by Trichomonas vaginalis in immunocompromised women. 28 With a similar appearance to pneumatosis in the bowel, CT findings of emphysematous vaginitis include tiny cystic locules of gas that are usually confined to the vaginal wall ( Figure 14 ). 28 Rare extension to the labia has been described, 28 which may simulate FG.
Conclusion
Although FG is often a clinical diagnosis, CT is useful in preoperative planning to adequately assess the affected fascial planes. Fascial air, muscle or fascial edema, and subcutaneous edema are the most common findings on CT. It is uncommon, but possible, for FG to manifest on imaging without fascial air. More modern series with FG suggest a rising incidence in women. Women are more likely to be morbidly obese (BMI > 40) and almost always have labial or vulvar involvement of FG. Radiographs have a limited role in imaging FG. Scrotal ultrasound in males with suspected testicular complications may reveal sonographic manifestations of fascial air as bright hyperechoic reflectors and dirty shadowing. Magnetic resonance can be obtained to assess for FG but we do not recommend delaying operative management to perform an MR examination when CT is readily available. Radiologists play an important role as imaging of FG and necrotizing fasciitis is likely more prevalent given the availability of CT and its use for preoperative planning. It is helpful to realize the increasing incidence of FG in women, FG imaging appearances, and the potential usefulness of the CT scoring system in diagnosing and describing FG and necrotizing fasciitis.
